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Abstract.—The stocking of size-graded catfish into production ponds should increase production
efficiency, but grading large numbers of fish with existing technology is laborious. We evaluated
the effectiveness of a mechanical grader recently developed at the University of Arkansas at Pine
Bluff (UAPB) relative to that of box and sock graders and assessed injuries sustained by stocker
channel catfish Ictalurus punctatus during grading. Three 0.25-acre ponds were stocked at 11,777
lb/acre. Initial total length (TL) ranged from 6.3 to 15.7 in, and initial weight of individuals ranged
from 0.04 to 1.10 lb. The fish population in each pond was divided into three groups graded with
the box grader, UAPB grader, or sock grader. Fish were graded twice with the box and UAPB
graders; a bar spacing of 13/32 in was used to grade off small fish and a spacing of 13/8 in to grade
off large fish. Sock grader mesh size was 13/8 in. Mean weights and lengths of the size-classes
produced by grading (small, medium, and large) were compared to those of the initial population
in each pond. Blood samples were collected from sampled fish, and serum was analyzed for creatine
phosphokinase (CPK) and lactate dehydrogenase (LDH) activities to assess fish injury levels. Each
grader separated the initial population into distinct populations. Mean weight and TL of the medium
size-class was significantly lower for the UAPB grader than for the box grader. The frequency
distributions of the fish populations obtained from each grader differed significantly. Undergrade
and overgrade error for the medium size-class did not differ significantly between the box and
UAPB graders. Undergrade error averaged 5.4% for TL and 1.6% for individual weight; overgrade
error averaged 7.8% for TL and 10.3% for weight. Serum CPK and LDH activities were highly
variable, which prevented detection of significant treatment differences.
There is increasing interest in stocking produc-
tion ponds for channel catfish Ictalurus punctatus
with stocker-size (0.06–0.75 lb) fish because they
may compete better for feed with carry-over fish,
thereby attaining within one season the larger min-
imum weight now required by processing plants
(Pomerleau and Engle 2003; Green and Engle
2004). Channel catfish fingerlings and stockers are
sold either by length or by weight, and pond-stock-
ing recommendations are based on length. Grading
of fish into defined size-groups before stocking
reduces size variation present in the fish population
until harvest, reduces the number of submarketa-
ble fish present at harvest, and improves farmers’
ability to census the fish population accurately
(Huner et al. 1984; Busch 1985; Jensen 1990; Car-
michael 1994). Two common methods used by
farmers to separate fingerlings and stockers by size
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are passive, in-pond sock grading and box grading
(Huner et al. 1984; Jensen 1990).
Mechanical catfish graders were first designed
nearly 50 years ago, and the design was modified
20 years later (Morton 1956; Greenland and Gill
1972; Greenland et al. 1972; Theis and Sears
1976). However, the use of mechanical graders to
separate channel catfish into distinct size-classes
has met with mixed success, in part because catfish
extend and lock their pectoral spines when handled
or removed from water, which results in ineffective
size grading (Busch 1985). An in-pond mechanical
grader was recently developed at the University of
Arkansas at Pine Bluff (UAPB) to expedite size
grading of fish. The UAPB grader is composed of
three major components: a floating, adjustable,
horizontal bar grader, a trailer with a built-in
power-take-off (PTO) driven water pump, and an
eductor system that delivers fish to the grading
surface. Fish landed in a live car are crowded into
the eductor box, then pumped through a tube onto
the grading surface. Fish retained by the grader
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swim the entire length of the grader and into a
second live car, while smaller fish swim down
through the bars and are collected in a live car or
returned to the pond.
In addition to cost, speed, and accuracy, factors
used evaluate grading methods include fish injury
and stress (Grizzle et al. 1992). Negative feedback
caused by stress-induced hormone production can
result in reduced fish growth (Pickering 1993). The
benefit gained from the size grading of fish pop-
ulations must be balanced against the stress re-
sponse and injuries sustained, and their potential
impacts on fish growth. Increased serum cortisol
and glucose concentrations and decreased serum
chloride concentration are among the measurable
stress responses in fish (Carmichael et al. 1984a,
1984b). Because our experimental design made it
difficult to measure these time-critical aspects of
the stress response, we instead measured serum
proteins that provide direct evidence of damage to
muscles and internal organs. Serum aspartate ami-
notransferase and lactate dehydrogenase (LDH)
activities have been used as indicators of injury
experienced by fish during handling (Grizzle et al.
1992; Grizzle and Lovshin 1994, 1996). The cre-
atine phosphokinase (CPK) enzyme is found in the
muscles and brains of animals; serum CPK activity
is elevated following damage to these organs (Ben-
tinck-Smith et al. 1987). The CPK and LDH en-
zymes normally are not present in fish blood; how-
ever, when a fish is bruised, banged, or squeezed,
these proteins leak out of damaged cells and into
the blood, where they can be measured and used
as indicators of tissue damage.
The ability to select a specific size range of
channel catfish would be advantageous given the
wide range in individual weight (0.06–0.75 lb) and
total length (TL; 6–13 in) of stockers. Our objec-
tives were to compare the efficiency of the UAPB
grader to that of two existing grading methods and
to compare injuries sustained by channel catfish
stockers graded by the three methods.
Methods
Three 0.25-acre earthen ponds located at the
Aquaculture Research Station, UAPB, were used
for this study. A 0.5-hp electric paddlewheel aer-
ator was operated nightly in each pond to maintain
dissolved oxygen concentrations greater than 3.0
ppm. Ponds were stocked with channel catfish at
11,777 lb/acre during the period 23 May to 15 June
2001. Fish were fed an average of 73.6 lb/acre of
floating extruded feed (32% crude protein) on each
of 30 d during 1 June to 8 July 2001. The grading
trial was conducted over three 2-d periods between
12 July and 19 July 2001. Mean pond water tem-
peratures ranged from 83.88F to 91.68F. Each pond
was assigned randomly to a 2-d grading trial pe-
riod. Fish were not fed during the grading trial.
Three graders were tested during each trial: an
in-pond grader net (sock grader), the UAPB in-
pond mechanical grader, and a box grader. The fish
population in each pond was captured by seine and
concentrated into a 3/8-in mesh live car (8 3 30
3 4 ft). Fish in the live car were crowded, and a
random sample of 100 fish was collected. Fish in
the sample were weighed individually to the near-
est 0.01 lb and measured to the nearest 0.1 in to
establish the initial size distribution. The fish pop-
ulation in the live car was then divided into three
groups subjected to one of the three grading pro-
cedures. All three groups were graded on the same
day.
A mean of 1,160 lb of fish from the live car in
each pond was graded with the UAPB grader. A
two-step grading process was required to obtain a
medium size-class of fish. A grader bar spacing of
13/8 in was used to remove the large size-class,
and then a bar spacing of 13/32 in was used to
separate the medium size-class from the small
size-class. Fish of each size-class were collected
in separate live cars as they exited the grader.
Another group of fish was sorted with a sock
grader. It is difficult to scale down a commercial
catfish grader net to a size convenient for 0.25-
acre research ponds while still maintaining com-
mercial grader net loading rates in terms of pounds
per cubic foot of net volume and pounds per square
foot of vertical grading surface. Therefore, a 4-ft-
diameter, ¼-in-mesh floating live net was modified
to simulate the minimum loading rate recom-
mended by a commercial sock grader manufacturer
(Delta Net and Twine Co., Greenville, Mississip-
pi). A 3.34-linear-foot section of the live net’s ver-
tical netting was replaced with 13/8 in mesh netting.
The modified floating live net was placed inside a
8 3 40 3 4 ft, 0.25-in-mesh live car and loaded
with a mean of 785 lb of fish dipped at random
from the live car in each pond. The loading rate
was 17.1 lb/ft3 of live-net volume and 64 lb/ft2 of
live-net grading surface. Fish were allowed to
grade passively for approximately 24 h.
The third group of fish was sorted with floating
box graders. Two box graders (39 3 24 3 11 in)
were used: one was fitted with a number-70 basket
(13/32-in bar spacing) and the other was fitted with
a number-88 basket (13/8-in bar spacing). A mean
of 794 lb of fish were dipped at random from the
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TABLE 1.—Mean 6 SD individual weights and total lengths (TL) of channel catfish populations before and after size
grading with box graders, a sock grader, or a grader developed at the University of Arkansas at Pine Bluff (UAPB).
Valid comparisons within columns are among means within a population or grader type and between these means and
the initial population. Means followed by the same letter are not significantly different (P . 0.05).








0.24 6 0.02 xt
0.15 6 0.02 u
0.13 6 0.01 u
0.36 6 0.01 w
0.29 6 0.01 v
10.0 6 0.3 xu
8.7 6 0.1 v
8.4 6 0.1 v
11.2 6 0.1 w









0.63 6 0.05 z
0.54 6 0.04 z
0.40 6 0.05 y
0.26 6 0.01 t
0.22 6 0.01 sx
0.20 6 0.02 s
13.2 6 0.2 z
12.6 6 0.5 z
11.7 6 0.3 y
9.9 6 0.1 u
9.5 6 0.1 tu
9.2 6 0.3 t
live car in each pond and transported to a concrete
vat (4 3 17 3 3 ft) for grading with the box grad-
ers. Three additional vats, supplied with diffused
air and water exchange, were used during the grad-
ing. Fish were graded first through the number-70
grader to remove the small size-class and then
through the number-88 grader to separate the me-
dium size-class from the large size-class.
A random sample of 100 fish per size-class
(small, medium, or large) was collected by each
grader upon completion of grading. Fish were
weighed and measured individually, and least
squares analysis was used to fit a curve to the data
(n 5 2,700). Time was measured for each phase
of the grading process, beginning when fish were
moved out of the live car and ending when the fish
were returned to the pond.
Blood samples were collected from fish in each
replicate and analyzed for CPK and LDH. Twenty-
five fish were selected at random from the initial
population and from the target size-classes pro-
duced by each grader type. Blood collected from
the caudal vein was placed on ice for 30 min and
centrifuged at 2,000 3 gravity for 10 min, and
then serum was frozen at 21128F until analysis.
Enzyme activity was assayed with commercial kits
for CPK (Sigma 520-C) and LDH (Sigma 500-C).
Grading was evaluated in several ways. Small
and medium size-classes from the box and UAPB
graders were compared directly and with the initial
population. The large size-class, obtained when
the fish population was topped (selectively har-
vested for large fish), was compared among all
three grader types and with the initial population.
The residual population after topping also was
compared among all three graders and with the
initial population; for this comparison, the small
and medium size-classes from the box and UAPB
graders were combined. The split point, which is
the TL group or weight-class at which the graded
population can be divided into equal proportions,
was determined for each grader. Undergrade error
(the percentage of fish that should pass through
the grader but do not) and overgrade error (the
percentage of fish that should not pass through the
grader but do) were measured for each grader type
based on the corresponding split points.
Data were subjected to analysis of variance and
Tukey’s Studentized range test (Sokal and Rohlf
1995) in the Statistical Analysis System (SAS)
software (Muller and Fetterman 2002). Percentage
data were arcsine-transformed prior to analysis
(Sokal and Rohlf 1995). Length- and weight-fre-
quency distributions were analyzed by use of the
Mantel–Haenszel chi-square statistic in SAS. The
Mantel–Haenszel analysis was indicated because
its assumptions require subjects to be randomized
to levels of the row variable, and sample size is
based on total frequencies instead of individual
cell sizes (Stokes et al. 2000). Skewness and kur-
tosis were determined by the univariate procedure
in SAS. Statistical comparison of labor time re-
quired for each grader type was deemed inappro-
priate because of the substantial procedural dif-
ferences among grader types. The significance lev-
el a for all tests was 0.05.
Results
Mean Weight and Length
Fish in the initial population averaged 0.24 lb
and 10.0 in TL (Table 1). The box and UAPB
graders separated fish into three size-classes
(small, medium, or large), whereas the sock grader
separated fish into either large or small and me-
dium combined (residual) after topping of size-
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TABLE 2.—Split points in total length (TL) group or
weight-class for a population of stocker channel catfish
that was graded with box, a sock grader, or the in-pond
grader developed at the University of Arkansas at Pine
Bluff (UAPB). Large fish were graded off by use of 1 3/
8-in mesh/bar spacing. Small fish were graded off by use


























classes (Table 1). After grading, the mean weight
and TL of the small size-class for each grader type
were significantly lower than those of the initial
population. The mean weight and TL of the me-
dium size-class were significantly smaller for the
UAPB grader than for the box grader. The large
size-classes obtained with the box and UAPB grad-
ers had similar mean weights and TLs, and were
significantly heavier and longer than the large size-
class obtained with the sock grader.
The mean weight of residual fish after topping
was significantly greater for the box grader than
for the UAPB or sock graders, and the mean weight
of residual fish for the box grader was not different
from the mean weight of the initial population (Ta-
ble 1). Mean TL of residual fish after topping did
not differ between the box and UAPB graders or
between these two grader types and the initial pop-
ulation.
The stocker catfish population used in this study
ranged from 5 to 16 in TL. The relationship be-
tween individual weight (W) and TL for this pop-
ulation was described by the equation W 5
0.0000835 3 TL3.44059 (r2 5 0.99).
Split Point
Split points by length-group or weight-class for
the three grader types are shown in Table 2. The
split points for TL at both levels of bar spacing
were 4–5% higher for the box grader compared to
the UAPB grader. Box grader weight-class split
points were 15–24% higher than split points for
the UAPB grader. The TL split point was 9–15%
lower and the weight-class split point was 44–74%
lower for the sock grader than for the box and
UAPB graders. The difference between the two
TL split points was 2.4 in for the box grader and
2.2 in for the UAPB grader. The difference be-
tween weight-class split points was 0.24 lb for the
box grader and 0.20 lb for the UAPB grader.
Overgrade and Undergrade Errors
Mean TL undergrade error did not differ sig-
nificantly between graders and was 2.9% and of
the population for the box grader and 7.8% for the
UAPB grader. Total length overgrade error was not
significantly different, averaging 8.6% for the box
grader and 7.0% for the UAPB grader. Weight-
class undergrade error was low for both grader
types, averaging 1.3% for the box grader and 1.8%
for the UAPB grader. Weight-class overgrade error
averaged 12.2% for the box grader and 8.3% for
the UAPB grader; the values for the two grader
types did not differ significantly.
Length- and Weight-Frequency Distributions
Frequency distributions for TL and weight were
not normally distributed and differed among size-
classes and graders. The TL and weight distribu-
tions for the medium size-class differed signifi-
cantly between the box and UAPB graders (Fig-
ures 1, 2). Mean skewness of the TL and weight
distributions for the medium size-class were 0.192
and 0.798, respectively, for the box grader and
0.212 and 0.798, respectively, for the UAPB grad-
er and did not differ significantly among treat-
ments. Kurtosis of the TL and weight distributions
for the medium size-class averaged 20.306 and
0.535, respectively, for the box grader and 20.565
and 0.720, respectively, for the UAPB grader.
Mean kurtosis for the TL distribution differed sig-
nificantly between the box and UAPB graders.
Length- and weight-frequency distributions for
the large size-class (Figures 3, 4) and the residual
size-class differed significantly among grader
types. Mean skewness of the TL distribution for
large size-class was 0.587 for the box grader, 0.001
for the UAPB grader, and 0.118 for the sock grader,
and did not differ significantly among treatments.
Kurtosis of the TL distribution for the large size-
class did not differ among grader types, and av-
eraged 1.041 for the box grader, 0.050 for the
UAPB grader, and 0.584 for the sock grader.
Weight distributions for the large size-class had
mean skewness values of 1.060 for the box grader,
0.628 for the UAPB grader, and 1.075 for the sock
grader; mean kurtosis was 2.096, 0.193, and 1.575
for the box grader, UAPB grader, and sock grader,
respectively. No significant differences in large
size-class distribution were detected among grad-
ers.
Fish Injury Indicators
Serum CPK and LDH activities were highly var-
iable among replicates and treatments, and no sig-
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FIGURE 1.—Frequency distributions of channel catfish total lengths in the medium size-class obtained with a
box grader or a mechanical in-pond grader developed at the University of Arkansas at Pine Bluff (UAPB). Bar
spacing for both graders was 13/32-in (to remove large fish) and 13/8-in (to remove small fish).
nificant treatment differences were detected. Mean
CPK activity ranged from 1,978 to 3,139 mmol of
substrate utilized per minute per liter of serum,
and mean LDH activity ranged from 361 to 765
mmol of substrate utilized per minute per liter of
serum.
Grading Time Requirements
The time required for grading and for the grad-
ing process (e.g., equipment set-up, fish transfers,
etc) varied among grader types. Passive grading
with the sock grader took 24 h, yielding a mean
grading rate of 0.6 lb of fish/min, but the fish
were graded only once, not twice like in the other
methods. However, only about 1 h of additional
labor time was required beyond seining to load
fish into and out of the sock. The box grader meth-
od required 27–45 min for grading and 127–169
min for process time beyond seining. Box graders
achieved a grading rate of 17–30 lb/min. From
50 to 112 min of labor beyond seining was re-
quired for the UAPB grader. The UAPB grader
required 19–27 min of grading time, which
equaled a grading rate of 50–76 lb/min. The quan-
tity of fish graded with the UAPB grader in-
creased after the first replicate, and the process
time required decreased with each subsequent
replicate.
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FIGURE 2.—Frequency distributions of individual weights of channel catfish in the medium size-class obtained
with a box grader or a mechanical in-pond grader developed at the University of Arkansas at Pine Bluff (UAPB).
For both graders, bar spacing was 13/32 in to grade off small fish and 13/8 in to grade off large fish.
Discussion
Each grader separated the initial channel catfish
population into distinct subpopulations. Fish used
in this experiment were lighter than fish grown
under commercial conditions in Mississippi (Stee-
by et al. 1991), which affected the results of grad-
ing. In the present experiment, the population
graded through 13/32-in bar spacing was split at
9.6–10.0 in TL and 0.19–0.23 lb, in contrast to the
split points of 8.6 in TL and 0.19 lb expected for
a fish population in good condition. Grading fish
through 13/8-in bar spacing or mesh size yielded
split points of 10.8–12.4 in TL and 0.27–0.47 lb
compared to the split points of 10.2 in TL and 0.34
lb expected for a population in good condition.
Thus, the presence of underweight fish in the ini-
tial population shifted the split points for TL and
weight to higher size-classes compared with stan-
dardized grading charts. Fish condition clearly af-
fected grading in our study.
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FIGURE 3.—Frequency distributions of channel catfish total lengths in the large size-class obtained with a box
grader, a mechanical in-pond grader developed at the University of Arkansas at Pine Bluff (UAPB), or a sock
grader. Graders were equipped with a 13/8-in bar spacing or mesh size.
A benefit of the box grader and UAPB grader
methods is that the size range of the graded fish
can be assessed during the grading process. These
two grader types can be adjusted if one or more
factors (e.g., fish condition) affect grading. Box
grader baskets are changed easily and are available
in a variety of bar spacing. However, the appro-
priate baskets must be available readily. The
UAPB grader’s bar spacing is controlled manually
without the need for additional parts or tools.
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FIGURE 4.—Frequency distributions of individual weights of channel catfish in the large size-class obtained with
a box grader, a mechanical in-pond grader developed at the University of Arkansas at Pine Bluff (UAPB), or a
sock grader. Graders were equipped with a 13/8-in bar spacing or mesh size.
The box and UAPB graders can be used to select
a defined size range from a given population by
grading the fish to remove large and small indi-
viduals. However, at the bar spacing used in the
present trial, the selected fish population (i.e., the
medium size-class) obtained with the UAPB grad-
er was significantly lighter and shorter than the
fish obtained with the box grader. Therefore, the
bar spacing on the UAPB grader would need to be
increased slightly to obtain a target fish population
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similar to that obtained by box grading. The exact
amount of the increase in bar spacing must be
determined empirically and will be dependent on
grading conditions, including the condition of the
fish population.
Though TL and weight undergrade and over-
grade errors were observed for the medium size-
class produced by both the box and UAPB graders,
the magnitude of these errors did not differ sig-
nificantly between grader types. Relatively small
quantities of fish were graded in the present ex-
periment, which may affect the undergrade and
overgrade errors for the UAPB grader. Data from
field trials on commercial farms indicate that grad-
ing errors with the UAPB grader are most likely
to occur when the grading panel is less than fully
loaded (D. Heikes, UAPB, unpublished data). With
the substantially higher fish biomass (.10,000 lb)
typically graded under commercial farm condi-
tions, the overall grading error is diminished. This
is because the grader panel remains fully loaded
for a greater proportion of the grading process.
All three graders can be used to grade large fish
from a population (i.e., to top the population) in
a pond. The box and UAPB graders yielded large
fish that did not differ significantly in mean in-
dividual weight or TL. However, the large size-
class obtained with the sock grader had signifi-
cantly lower mean individual weight and TL com-
pared to the other two grader types.
Both the box grader and the UAPB grader utilize
an active grading process in which fish are phys-
ically in contact with the grading surface and the
fish population is graded twice, once to remove
smaller fish and once to remove larger fish. Grad-
ing fish with the sock grader is a passive process,
and the fish population is graded only once. Ad-
ditional factors that affect grading efficiency in-
clude water temperature, duration, loading rate, the
size range of the fish population, and operating
conditions (Tucker and Robinson 1990). Water
temperatures during the present experiment were
favorable for grading, ranging from 83.88F to
91.68F. Even when water temperatures are warm,
fingerling producers generally allow fish to grade
overnight (Tucker and Robinson 1990).
Time and labor are two additional factors to con-
sider in selecting a grading method. The most com-
mon method of grading fish in ponds is the sock
grader (Tucker and Robinson 1990), although it
can require the longest time period. In our study,
only about 1 h of additional labor was required for
the sock-grading process beyond seining. Low wa-
ter temperature limits use of the sock grader be-
cause grading efficiency is poor and appears in-
dependent of the time fish are confined in the sock
(Tucker and Robinson 1990). Furthermore, in or-
der to split the fish population two ways, as was
done with the box and UAPB graders, the pond
must be seined twice and the fish must be sock-
graded twice, which requires substantially more
time and labor. This method may result in in-
creased grading error because the second grading
is not performed on a confined, graded population.
Less time was required for fish grading and the
associated process with the UAPB grader than with
the box grader. Because the UAPB grader is op-
erated in-pond, transport time is reduced. Process
time required for the UAPB grader decreased with
each subsequent replicate. Data from field trials of
the UAPB grader on commercial fish farms indi-
cate that large biomasses (.10,000 lb) are graded
at rates in excess of 400 lb/min (D. Heikes, UAPB,
unpublished data). In a study that evaluated a me-
chanical V-belt-style grader, Lovshin and Phelps
(1993) reported that fish were graded at a rate of
26 lb/min. Operation of the UAPB grader, in par-
ticular, requires a certain degree of skill, and per-
formance will improve with practice until the op-
erators are fully proficient.
High individual variability in serum CPK and
LDH activities was responsible for our inability to
detect significant treatment differences. This high
variation probably reflects the varied experiences
of fish as they go through the grading process, with
the differences in those experiences within a grad-
ing method outweighing the differences between
methods.
In summary, the box grader, UAPB grader, and
sock grader were effective in separating 6.3–15.7-
in-TL stocker channel catfish into defined size-
classes. Fish populations were divided into three
size-classes by the box and UAPB graders and two
size-classes by the sock grader. Split points were
affected by fish condition. Undergrade and over-
grade errors were similar for the box and UAPB
graders when the fish population was graded twice
to select the medium size-class. Throughput of
graded fish (lb/min) was higher with the UAPB
grader than with the other two grader types. High
individual variability in enzyme response masked
any effect that grading might have had on tissue
damage. The box and UAPB graders were effective
at splitting the stocker channel catfish population
to obtain a defined size-class, and therefore would
be appropriate for situations in which a small bio-
mass of fish is to be graded.
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